The formation of the pentagonal Frank-Kasper phase (/J, phase) in the Feso+,Nbso-, system near x=0 has been investigated. The effects of composition and heat treatment on the phase diagram of this system have been studied. Only the as-cast x=0 alloy was found to consist of a pure ,X phase. X-ray diffraction patterns indicate the existence of a phase with a high degree of structural order but considerable chemical disorder. A Miissbauer spectrum of the p-phase material exhibits a room-temperature quadrupole split doublet with A=O.209 mm/s and an isomer shift S=-0.289 mm/s relative to a--Fe. A shell model analysis of the spectrum indicates a structure with a high degree of order. Results are discussed in terms of measurements on related icosahedral and decagonal phase materials.
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I. INTRODUCTION
Mossbauer effect studies of quasicrystals have been important for an understanding of the microstructure of these novel materials. A recent review of these studies has been presented by Dunlap and Lawther. r A number of methods for the interpretation of Mossbauer spectra of quasicrystalline materials have been presented in the literature and the information which can be obtained from these measurements depends cruciahy on the techniques applied to their analysis. The comparison of results from quasicrystalline materials and those of related crystalline phases has been important in understanding the relationship of Mijssbauer spectral parameters and microstructural details. In the present work we have considered Miissbauer measurements of the pentagonal approximant phase in the Fe-Nb system. These results will be interpreted in the context of results for related quasicrystalline materials.
II. EXPERIMENTAL METHODS
Samples of FeSOfxNb50-r were prepared by melting high-purity elemental components in an argon arc furnace for compositions with x =0,2. Materials were studied as-cast and after annealing for four days at 1000 "C and water quenching. Room-temperature Cu K, x-ray diffraction patterns were made of all samples using a Siemens D500 scanning diffractometer. Room-temperature s7Fe Miissbauer effect studies were performed using a constant acceleration Wissell System II spectrometer and a PdS7Co source. The intrinsic linewidth of the spectrometer for 57Fe is 0.23 mm/s (FWHM).
Ill. RESULTS
All alloys studied here showed the presence of the pentagonal JL phase. However, only the as-cast x=0 sample was free from the presence of impurity phases. This analysis is consistent with the phase formation studies of the Fe-Nb system reported by Raman.' Further investigations presented in the present manuscript are confined to the single-phase sample.
X-ray diffraction peaks for the ,U phase were well defined with a typical linewidth of A(2fl~0.2" (FWHM), indicating a high degree of structural order. The peak locations and relative intensities obtained in this work along with those calculated for the ,S phase (W,Fe, structure) with a =4.928 A and c=26.83 A are given in Table I . The peak locations are in excellent agreement with the calculated values3 for the lattice parameters as indicated above. The anomalies in the measured intensities for some of the diffraction peaks are an indication of the presence of substantial chemical disorder on the lattice sites.
The room-temperature 57Fe Mossbauer effect spectrum of the pentagonal phase of Fe-Nb is illustrated in Fig. 1 . This spectrum shows the existence of a symmetric quadrupole split doublet. Although the individual lines cannot be resolved, the shape and width of the absorption peak indicate that it is not a singlet. A fit to this spectrum using a Lorentzian doublet yields the mean quadrupole parameters as indicated in Table II . The linewidth of the component lines, 0.29 mm/s, is slightly greater than the intrinsic linewidth of the spectrometer but is substantially less than that found for similar fits to spectra of quasicrystalline materials; typically ' This excess linewidth is, presumably, the result of local disorder in the structure as evidenced by the anomalous x-ray peak intensities and which produces a corresponding distribution of local Fe environments. This behavior can be accounted for in the analysis of the Miissbauer effect spectrum by fitting the data to a shell model distribution of quadrupole splittings of the formrs4
where n and CT are fitted parameters. The symmetric nature of the spectrum indicates the lack of correlation between isomer shift and quadrupole splitting distributions. A detailed computer analysis confirms this assumption. The results of the shell model analysis for this spectrum are given in Table III and the calculated P(A) is illustrated in Pig. 2.
IV. DISCUSSION AND CONCLUSlONS
The existence of a decagonal and icosahedral" phase in the Fe-Nb system has been demonstrated by electron diffraction studies of rapidly quenched samples; although singlephase materials have not yet been prepared. Table I compares the mean quadrupole parameters of the pentagonal Fe-Nb phase with several other icosahedral and decagonal materials. The mean quadrupole splitting of Fe-I% is somewhat less than in Al-based icosahedra15 and decagonal alloys where Fe atoms are believed to exist in a highly anisotropic environment analogous to the transition metal site environments in the outer shell of the MacKay icosahedra of a cubic approximant phase (e.g., u4lMnSi) or in the sites of a twodimensional Penrose tiling, respectively. On the other hand, the quadrupole splitting of Fe-Nb is much greater than that in The negative isomer shift observed in this alloy is indicative of an anomalously high electron density at the Fe probe sites. This is expected on the basis of the presence of a large concentration of early transition metal (M) atoms in the alloy. The value of 6 observed here is consistent with measurements of dilute MFe alloys and near neighbor effects of dilute M impurities in Fe (see Ref. 13 and references therein).
The parameters obtained from shell model fits to several quasicrystalline alloys are compared with the data for pentagonal Fe-Nb in Table III . The present results are anomalous in two respects; an unusually large value of the parameter iz and an unusually low value of the parameter CT, when compared with all results for quasicrystalline alloys reported to date. ' The relationship of these parameters to the detail of the microstructure has been discussed by Dunlap et aL8 Speci& tally, n near unity and a large value of (T are characteristic of a highly disordered (e.g., amorphous) structure, while increasing values of it (and correspondingly smaller values of cr) are characteristic of an increase in the degree of microstructural order. This inverse correlation between the values of n and o is characteristic of the relationship between the shell model and the distribution of local Fe environments in the material and is illustrated for typical data for quasicrystalline and related materials in perimental techniques) giving n-2. The value of n =5.2 obtained in the present work for pentagonal Fe-Nb indicates a much greater degree of order in this crystalline approximant phase than in similar quasicrystalline phases. This, presumably, is indicative of the existence of translational symmetry in the approximant phase which is lacking in the quasicrysMine phase. In more specific terms, n is related to the number of independent distortion vectors d, which are necessary to describe the structure as n =d -1. The present studies clearly point to the differences which exist between the microstructure of quasicrystals and their crystalline approximants.
